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UmCDUCTION 

ACVA. Atlantic Inc. ape ;cl la II'see In the *,turfy of indoor air pollution. 
S Inc* vi ejitabllshad. ACVA In 19*1., v« hsv* pioneered • mil tl-disciplined 
approach to th« itrv»iti jaition of Internal pollution. Irr*'«iStTx*&oTS include 
chesisca;, *ic,T,o.bloloji*c», and air conditioning enjlneers -- three disciplines 
unused to worklnj. as * team Our client list include* nuairoui fovimotnt 
af*n'c:l!tit;; »ult,I -na tional c o*p # n I * » In insurance * f Inane* . industry, bankinx . 
and property *jtns£*a*nt; cslUeigieit, school*:,, and nu»*rou» hospitals:. Host of 
our cl lanes new not only ask u* to examine other buildings that they own, but 
also enter loco long tern eontriGts of rajulsr *onlcoring and preventive 
Maintenance. In tact, as cf March, 1,981.,, v* have now acurfied 1 the indoor air 
quality of ov*r 42: nilliem aquar* f»»t of property., 

IKDOOR tOHJJ TAhTiS - THE SOURCES 

Virtually. • vary thin J v* ua* In.the interior shads iobi particular** and/cr 
inti. Vh«n a building: 1* new, io»« compounds are xf v#n quickly and socn 

disappear. Other* continue *©ff-x»aslng“ at a slow pact fox y«»rs. Cotton, 
office supplies and equipment’ have b»tn found to: release dangerous chemicals* 
especially dup.l lea tor s and copier* and w* have »v*n found f onu 1 d*hyd* being 
released'' from bulk paper store*:.. 

People i *1 v,*is air* a ailor contributor sine* each' person shads 

literally a ill ictus of' particle*:,.. priiaarily akin, seal**., per Minute. Many of: 
these scales carry. Microbes but fortunately eh* vast bulk of these Microbe* are 
short lived and harmless. 

Clothing. fumllsihiings, draperies, carpets, ate. contribute fibers and 
©Cher fra pmu. C.lear.lhx pro:c : sweeping. vacuuming, dusting, etc, 

noroally riacvi the larger partic la*,, but often Increase: the airborne 
concentrations of the: *m* 1.1*it partlclleis. Cooking:. broiling., grilling, pi and 
oil burning., sacking:, coal and wood fires also generated vasit numbers of 
a.iT.b.o:m# par r.i cullat *», vapors, and tame;*. If the window* end doors are closed 
all 1 of these; can only, sccurjli cs in: that lntinul envir onme nt, 

IKDDOR rOHUTANTTS -- THE TTTES 


Thera air* many type* of indoor pollutant a. gases, vapors, dust*:, fibers, 
and vi able and non* ■viable » Lc roorganie»s, *©»# of the acre coamon one a are 

described beltrw . 
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Thar* are *TigiU*b.ly, the widest rtitp of pollutant* with litarslly thousands 
*f specific type* forcwvAtilj occurring in very dilute concentrations which art 
usually expressed ax part* psr million ©r par Milton. Host of theta are 
presumed te We safe at the wary lev levels encountered. although »©me ryrve rgism 
between dilfterwnt organics ©r »ome incidences of organic* •*sn*ititing* people 
to othtr pollutant* cannot be ruled out. Usually, the organic* are aori a 
problem in the typical how* than the office auvd concentrations In,the borne are 
usually higher than the office mainly due to lower air exchange rate*. 

U dcxi £u 

laden, a decay product of uranium, la present in, variable quantities in 
sell*. It *cv«i froa the soil by diffusion Into the soil’* air pocket* or Into 
soil water... Then the radon can migrate from the soil air through unwanted 
crawl apse s s, building foundation cracks, ate:, into the Indoor apace. (owe 
building aggregates, cinder block , etc;, alao contain radon and ©ut>g a'siting from, 
these material* add to the indoor air levels. In other cases radon, enter* a 
building ▼ i a the water supply,. lew* of this radon is Tel seised when there la 
turbulence of the water euch as a running, tap. It has Ween estimated by some 
riititchtri that anywhere fro* 10 to 15% of the average radon v* are exposed! to 
cddm fir©* such we ter. However, the general consensus is that the principal 
source of radon in building* undoubtedly is the soil gas. fcllutien by radon 
is far acri prevalent lln hoots than in office*, again mainly due; te the lower 
ai,r exchange rates in hoots plus the fact that homes have a larger area of 
exposure to soil relative to building volume and 1 aoil leakage area:. 


Carbon dloxldlt la produced by respiration and combusti'on, oxides of 
nitrogen and sulphur are combustion products: associated with gas stove*, ^wood, 
coal fiireis, and kerosene hea:t:t:r;s. Carbon monoxldk is tail tied fro»i unwanted 
kerosene heaters or wood stoves and lit frequently diffuses Into buildings fro* 
autoncbll# exhaust fuses generated in adjacent garages. Small I to trace 
quantities of each of these gaiswis: and other organics are present in cigarette 
•woke . 

Or one is another g»* that lie generated, usually in very, swell quantities, 
by »iscellaneous copying machines and by cartain electrostatic precipitators 
that are; used to clean up the air. In one specific esse that v,e studied, the 
maintenance staff of a hull idling' switched off the main air. supply fans over the 
w*»k*nd. but calttad 1 to switch, off the central electrostatic precipitators. 
Thus. oion* accumulated inside the air handlers end was subsequently deliver*4 
to the staff first: thing each Monday morning. When the fans were switched on 
this caused e sewer*:, though temporary, period of discomfort to the people 
working in the area* Involved. 


frlor to IV7 3. asbestos was the material ef choice for f It*'- proofing:, 
thermal insulation, and eound Insulation. lit was uaieid as a *:pr,ay * on insulation 
of ceilings and steal glrdir*::; *i • thermal lnjullrt.Iien of boilers, pipe* 1 , 
duct*;, allr, conditioning unit*, etc.; as mn aibras lion resistant filler in floor 
tile*:, vinyl aihaet floor coverings, roofing, and siding shingles; si a 
flexible, though resistant, Jplnlng compound and filler of textured paints and 
gaeketn;. asi a bulking material with the beat wear characteristics for 
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automobile brake ehoas, and in countl*** domestic appliance* *uch a* toaster*!, 
broiler*., d!UKv**h*r *, refrigerator*,, erven* , cloche* dlryer*. electric blanke t*!, 
haiir Aryi* r*.,, »tc. In fact, the TFA h** 1 #*cim*t*iJ that approximately 733I.CHDO or 
20% of all gave meant, re*idkntial, and priVate non^rasldantial building* lh 
tS« U.S. coctain ■ om* type of frf*bla *xh**to*-containing material. 

The fart la that many nbettu beering material* or product* in of no 
health ria-k eS e t e w reet vhrn used in the normal courae af avent*. bwavax, if 
for ary mioi *f *ar, abraaitos, friability, vater dk«ag*, ate., any of tha 
aabesco* fiber* are released irrto the air aruf inhaled into people'a lung*, 
there 1* a health hazard. The etiecnrlfle mvaluatlion of all enrailabl* buun 
data provide* no evidence for a “aafe* level of elrbome aabaaito* axpoeure, 
thus any quantity ahould be considered potentially dangerous'. 


The glia*/*: fiber (usually referred to a« flbergla**) industry II* in it* 
infancy compered vith asbestos: and since asbaaito* related illness** only 
manifest th*a**lv,#n tena of year* after exposure, their* *re *om* echool* of 
thought that suggest gliasi* fiber fragment* v.lll 1 al»o accumulate in the lung* 
and ciui/t later problem*. This may be bo, but it li* unlikely to be anyvher* 
near a* tivin. The fiber* of glam* sxs not *K*d in auch large quantiti** at 
asbestos and eon of th* T**ln*. site. bervdlng the fiber* together appear to be 
extreaely effective and long lasting. Jkrvever, aoae fragjsantation, <Jd*« occur 
and thi* i* especially ncticeebla vheo the jtx>** flbergla** insula tXon; 
popularly used in attic;* and c*ilimg voids., 1* disturbed. Hose of w h*v* 
axper lanced, itching on contact vlth flbergla** and de r»e title rxrjy i reaction* 
are not infrequent due to airborne flbergla** particle*. 


In our review* of the literature,., the on* are* of iindoor pollution that 
ha* received l.e/aa/t study or r***a,rth he* b**/n e ontssination due to ailcrobe*. 
Kin* percent of the first 223' major bui'liding* studied! by, A'CVa have: exhibited 
high lie v,«,ll* of potentially pathogenic or allergy causing, bacteria. Including 
Actinomyces and Flevobarterlua »p*ic;iei»:. In addition. L*glbnella pneumophila,, 
the cause of the dreaded La g iom* ires* ii 1 * 1 ***# ha* f recently been ieolatad 
from inside *ir conditioning eye teas. 

Ferhap* eorr a igrviifl [candy., me have; found over rventy-elght different 
• peel** of fungus contaminating air handling system* (*** Table 1). 

Table, 1. 7Vng 1 Ieolatad from Air Conditioning Sya/tea* 
by ACVA fysitems • - 19Jl to l!9il'7, 


Alteimarl* »p. 

Axixeobae idlxa ap . 
Caphaloepor Ivee *p . 
Chry* oep o r I\a* s p. 
Curvularla ep. 

JXuarium ep . 

Herd 11* *1tophila 
Mutor *p. 

Oospore ap. 
Nnlcllllia* *p. 
Ihliopus B.p. 

t acchar oary,c *i*. »p . 

11 rap coaryc *;a rp. 
Verti'cllllua *p. 


Aspergillus ep. 
Candida ap. 
Chaetomlua ep. 
Cladoeporiumiep. 
Diploepor Iuj* *p; 
h* lmlntHo*poriv» sp 
honoeparlua ap, 
Kycella *itar;ila 
Faecilomycee ap;. 
fhoma Bp, 
Ithodotorul* my. 
fcopulariopsi* *p. 
Tticoth#clu» Bp. 
Yaaits 



Source: https://www.industrydocuments.ucsf.edu/docs/lzvjOOOO 







Of the 223 building* ituditd by A CVA kii'Waii). 1M1 and 17. thirty-four 
percent have V*• n found to contialin hit's of potajvtlial'ly; paith'O.gitwiic or 

allergy causing fun*l* Imcliudimg Alt«m*rU f Aspergillus:, C1*do*poriua, 
Tuj.rlua. *nd flattie 111 l<ua Bipacltis. In many building,* vlch txcesilvt *tiff 
complaint* , • i the r Asperglllai* and/or Cladoxpcrlu* •pacia* of fun^u*: wr»: found' 
to *xc«ii In tha air conditioning ductwork iy»t*»i. In 
1 rm s 11 g at ion*. mpl damiologiical t#*t* run by ^ariou* doctor* hiv*. confirmed' 
aevere aliiairtlc reactiiom to the: a por e * of the;*:* funtl in all 1 affactad cliff, 
iubsequent cleiacnling mnd removal ©f the leurcti of these: fungal contaminant* i 
Krva rarulted, in a complete abatement of complaint*. 

DIRT.IW DUCTUOILK 
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KVaC ay,* item* also have baan found to be poorly deigned and 1 rvaiglligiar.lly. 
maintain* di. txcaaaiv* dilrt aiccvarjliatlona era eemo n in ductwork, *vin in 
hospital*:. Frequently dirt i* built into the systems during contraction tinea 
tb* duett are installed long bafora tha window*, ate. and con*:ruction durt.v 
froa the *it«. plu* wood 1 shaving*, lunch p»ck*t*, coV« and bear can*, ate. find 
th as* c 1 vc s brushed into tha want* than •but of flight • «= out of mllnd.* 
Thereaift*r over the; Ufa of the building.,, aon dire enter* vith tha tupply and 
return air. Cood flltar* reduce tht: rata of this accuaulation. but the only, 
perfect flltar would ba a brick wall'. All filter*, avtn tha ultra -e:f file lie nr 
HEFA flltar* used in hospital operating room* allow fifrve particle* through. 
Many of tha*# fin* partible* coaltac*, sticking to eieich other by adhesion or 
electrostatic attraction and larger particla* simply grow with time. In 
coeu*#rc:ial buildings. mach cheeper and far 11* is is afflciant flltar* nr cokoti. 
nJmy wlill stop birds and'moth*:, but that fa about alllL Occ* *lonally v# find 
that rS* filters have beiein oalttad and very frequently v# find they, are 
under*!**, resulting: In large air g*p* that; allow »*t*iva volume* of air byp*»* 
to occur. Then, thera are the large electrostatic: preelpi'tator* that 
theoretically provide ul tra -effl,'client air. In one major b.uMldfng w* found b£> 
out of their 18 precipitator* were ihoperativ# due to broken part*, many had 
not worked for over a year. In a oajjo:r hospital, v* found the power pack vs* 
Killing froa one of these unit*. Vhen inoperative alectro*tatie precipitator* 
provide xero filtration:. 

Dirty ductwork la. a prefect breeding ground for term*. It; provide* an 
• ntlcic d space, CDtutint temperature,, huxidity, and food *• which is th« dirt., 
So gen*: could wish for more* 

The extent of this potential problem 1* hug« and it i* vary surprising 
vh.at wa hiv* found lm. duct*. Dead Insects, meld*, fungi, dead bl'rd* and 
rodinti are cocrn. Iin 19,54 v» found two dead snake* in air supply duct*. V#: 
have alia© found rotting food, builders rubbll* . rags, and nttfipiperiAll of 
tha** contaminate the air »t breathe. It lie the dirt th*t encourage* germ* to 
br**d -- germ* which cause imfertlioni . 

The dirt and dust;* 1 all*©: may, be allergenic:, in fact mo*t; of: the dust* are,, 
by d*.Mini'll on,, household duet a which' ere notorious f:o:r causing allergie* in 
many people. 

In a aurvey of a 1 750,000 square foot hospital In Virginia, we found 14 
mile* of ductwork. Hera are a few exmmrplia* of the problem* we encountered in 
thst met* of duct*. Smoke detectors blocked by dirt and inoperative; fire 
dexper* Ja_r=»td open, by dirt they were unable to closa; reheat coll,*: 

completely, blocked by dirt sealing of f the freih aiir supply; turning, vaneii 1 and 
even th* exhaust grilles completely sealed with dirt accumulation*: -* in the 
operating auita the exhaust far. was at ill working again*:! these duct blockage* 
causing such l'smtnie negative pressure lm th* duet* that the duct;* 1 w*:r* bowing 
inward. almost to the point of collapse; huge excesses of bacteria and fungi, 
w#:r;e p.Twisient: ihslldr the all handling chambers and throughout the ductwork; 
cron infection rates were, high end rrur»»»:, doctor*, and patient* complained 
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poor air quality.. Vt; have aincs cleaned all the ai.T handlers and th# 14 
aiilai of ducts and hemr* ov«rittn the, installation of more efficient ftltar 
*yat*ic!i!. That hospital has b**,n dramatically Improved and Its alt quality la 
nov vail abov. average. 

SYKTTOMOIjOCX or 1KOOOR AIR rOLUTTANTS 

In general. vhen one hear* of a polluted building or • ao-calliad *aicV 
building.* ona hear:* faalliar symptoms from occupant* including a.yjr and tvoa* 
irritation, fatigue, coughing, rhinitis, nausea, haadaoha*. aora throat*, and 
general respiratory problems. Without doubt, the pollutsxc most often blamed 
loT thes* arywpcoait by the p^jblic i* environmental. tobacco mmakm (HS). 
Hovtvir, there are usually confounding v*,rl*bl*s presented by a number ©f 
potential contaminant* that preclude* a quick analysis establishing a single 
source of contamination. Tha main problem baling th* lhcradiblt similarity 
batvaan aysrp too* froa widely different irritant*' ox even environmental 
conditions. for ax urp l c , idaintltal ayrsptotts h*v* baan raportad for individual* 
axpcsiad to formaldehyde. assonia, ©.xlldan of nitre gam, and otcni; In addition, 
similar symptom* art raportad by those Individuals suffering al'liarglc type 
reaction* to numerous dusts and 1 to microbial 1 spore* such as Aspergillus, 
fsnicillius. and Cladbsporlum fungi,,, among others. Sioilar syrptOR* have been 
raportad frost exposure to cotton dust and t i bar glass friprnti and an, aver 
incraxsi'ng acrad aijtllat problem 1* *ncount*r*d due to Ip* rallatlVa humidities. 
Tha 1 attar l!» v*ll knovrv to frequent flyer* of airliner* vhara ralatlva 
humidity level* ara frequently, a* low as 101. cocparad to a normal lover 
comfort laval of lay 40.%'., 

This similarity. of syupt’waA Is, usually unappreciated by, the public and; In 
part it accounts for a Via* against tobacco smoke. vhlch happen* to be tha sol* 
visible air pollutant. Furthermore . due to their unreliability, v.a, as a 
policy, refuse to rely upon or otherwise use tha information generated. by 
subjective building occupant qua s,t;i onns ,1 r» Cmly upon careful investigation 

of the entire indoor environs*nt: and ventilation *y,s.:t:*c of s building, can be 
draw inforcad conclu*ions about the various causes of poor, indoor air quality. 
As a result. v* have made St our business to perform precisely such 
investigations . Despite being the ms in, suspect of th«; occupant* In many of the 
building 1 * we have examined, wt hav* determined high levels, of a rrv i ronme nt a 1 
tobacco sack* to be i»ediste tauw ef indoor sir problems in only four percent 
of the 22.3 major buildings investigated. by, ACVA b*cv«*n 1981 and 1981 1 (nt 
Table 2). Slilgnlfllc.a'ntTy, in' thosa flew cases where high seeu»ul»tltorts of FTS 
have b*tn found, ACVA also has di*ccv*r*d an nciti of fungi and bactiriai lh 
th* KVAC system. These microorganism* usually are found to b* the primary 
c*us«* of the complaints: and acute adverse health affect* reported by building 
occupants. 

Table 2. ACVA lyatema Experience * - 1911 to 1987. 


Total building studies 

Ruabtr of square feet 

la t lima ted Taaa.be X * I <x cup ant* 


223 

39.000,000 

225,000 


Allergenic Fungi 

Allergenic or pathogenic bacteria 
Class fiber particles 
Tobacco smoke 
Carbon monoxide (vehicles) 

K 1 *ca 11 weoui gas*a 



jnft 



Source: https://www.industrydocuments.ucsf.edu/docs/lzvjOOOO 















•bout poor air quality. V* h*ve since cleaned *1,1 the elir handler* *nd the: 1A 
»!}#* of duct* end h*v* DvtTi^titn, the in.it* 1 lait.lon cf *on efficient filter 
systeo*. TKst hoip1tal has been draftstU*1 ly' improved and It* air quality 1*. 

ww v,U above average. 

rrKFTcmDbocY or indcxdr air rouxrrAKxs 

In general,,, when on* heart of a polluted building or a so*called, "sick 
bullldiing. • nrwe bears familiar sy*pt£>»* frcrn occupant* including eye; and note 
irritation, fatigue, coughing, rhinitis, luuiu , headache*. tore throet*:. and 
gervexal 1 respiratory problem*. Vithout doubt, the pollutant *o*it often blamed, 
for the** aywptoa* by the: public 1* errviroriental tobacco *»oV* (ETS). 
Kove v,*x, there are usually confounding variable* pre»ent»d by a maebtr of 
potential contaminants! that p,r»;c;llud«» a quick analyst* e*tabll*hihg a tingle 
source of contamination. The main problea being tha incredible similarity 
bacveen symptom* froa widkly different irritant* or even environmental 
condition*. For example, identical symptom have been reported f or individual* 
exposed to formaldehyde, aasoni*, oxide* of nitrogen, and crone. In,addition, 
ala liar *ycpto»* are reported by those individual* suffering allergic type 
reaction* to numerous dusit* and to aiicxioblal tpore* such as Aspergillus,, 
FeniciTl lun. and: Clad6«poriu» fungi . among other* . Similar *ywptoa* have been 
reported frioa exposure to cotton dust and fibergleis fragaent;* 1 and an ever 
iincT»a:*!lTtg: and elnlilax, problea i* encountered due to l!ov relative hualdl tie*:. 
The latter i* veld! knovn to, frequent: flyers of aiirl'iiner* vhexe relative 
humidity level* are frequently a* low as 10%, compared' to a normal lover 
cccfort level of a ay *0%'. 

This ticilarlty of sycptoc* i * usual! y, unapprec iated by the public and in 
pert it account* for a biiai* against tobacco sack*,, vhfch happen* to be the rolls 
visible air pollutant:. Furthercore:. due to their unrelliiabi 1 i ty, ve , at a 
policy, refutei to rely upon or orheirv.Isie: uie the, ir.foraetion generated by 
subjective bui1 ding occupant questionnaire*. Only upon careful inveitigatlion 
of the entire: indoor environment and ventilation syrt*® cf a building can*be 
draw informed conclusion* about the varilo.u* cause* of poor indoor air quality. 
A* a result. v« have aade i't our but In* * * to peT.fom precisely, such 
inve 1 11 ga tion* . Despite being the »*iin suipect of the occupant* in many of the 
building* vt have, examined, vi have determined high level* of »nv 1orjsen C a 1 
tobac co a*oke to be laced late c sune of indoor a fr piroblieist in, only f our pe rc en t 
of the 2 23 major building*. inve c i gate d: by, A'CVA brtv,e*:n 19! 1 and 19E 7 (see 
Table 2). Significantly, in 1 there, few cane* vhtTe high accumulation* of FT S 
hav# been found. ACVA also hai* discovered in exctii of fungi end bacteria in 
the HVaG! tyttea. Thai** aicroorgar.l *ot usually are found to be the primary 
causes of the c oirpl a ir.t* and acute advera* health effects reported! by, building 
occupant *• 

Table 2 . ACVA Systems Exp ex feme:* *- 19E l to 1987 . 

Total building studies 221 

Number of square fast, 3 9.000.000 

Estimated number of sccupenti 223.000 

Summary of most significant pollutants found: 

ftlluur.ii. Id„A ir \ cf_fcallfilnn , 

Allergenic Fungi >4 1 

Allergenic or pathogenic bacteria f { 

Class fiber part Ida a 7 f 

Tobacco amok* A v 

Carbon Monoxide (vehicle*) 3 V 

Kiscsllaneou* gaaas 2 ) 





Source: https://www.industrydocuments.ucsf.edu/docs/lzvjOOOO 









VTSTIlATlON AND INDOOR rOLUTXIDN 

yih* fact 1* that th* *ccumulation of »any pollutant# l» itj*»,l!f a ry*p to * 
©f o »or* atrious problao •- * problwr of inadaquat# vontil axiom M#die In* 

taacha* uj that troatinj th* #y*pto«J aiarply do*a dot vork. *n* Km to X® At ft 
th* eiusi of th* probl*». 

3*prop«r ’••ncllaitibn can »o**«tim** b* cartiad to TH* fr»»h air 

daarpar* var* clo**d coarp iVtaly In mr 35% of thoa* bulldinjf *tudl*d by ACVA 
(*»• Tabl* 3). Thr«* jmmir* *£0 w* found a build,'tnx vbart th* **a into,name* 
• ngiraar* Had bricked up tha fr*»h air want# eo aav« *r>*r£y. In Va»hinxton 
Jut* , one FIOSH iimna* tf i* tor of a tick building found heavy duty poly* thy l* in* 

Tabl* 3. lick bulldinx Syndrom* Gauaa* - • ACVA fxp«riant* 

Sjurpla build,in{*i: 223 

totallifi£ 3 9 t {> 00 , COO aquart face 

f.riod:; 1,9*1- 1'9/a?. 


No fr**h air 
I na d* qua r * fr#ih air 
foot di*tribution of 



Low flltair *f:fiiclbney 

loor da i*.l!fn 

Poor Iratallat5on. 


txetslively dirty dueevork 3£l; 

Condiniitu trayn fell: 

Hualdlf l*r» 1,6V 

*ha■ its: **aiin£ off tha fx**h air intake*. It turn*d out that th«*a had baem 
installed rvo ymmir a aarlirr to reduce th* lav#!* of ailie* duat ballnj carri*d 
Into th* bulldl'nj fro* Mount St. Helena. Thar* <rt *l*o ni-u»«rou* Incidence* of 
Inadequate. ▼■•inc ll a C i on, dua to hidden, blockades Iraida duct*. Uiinx fiber-optic 
techno lfo£y,, v* K*v» found wny tlasilcal «iajrplt* of *,uc:h vh« re tvminj v»nu, 
dAsprra, and r• H• at coll* lraid* duct* K*v* b*an totally »aa;l*d with aaulvii 

• ccuaralatlon* of dire, loo** insulation,, ate. 

Ferhap* th* »oit; atrloui problem of ventilation 1* that their* 1* no 

• ffactlv* lajislatlon nandatinx tha unlffcno un of ■iniarua fr**h air 

raqul r *o*r.t*,'. Certainly »op* authori tl*« do opacify v»ntlil*'Cl»n rat** at th* 
d**|jTv *,taix* -* fco*C of m. r* ba*«d on JUHXAZ or bOCA *t*n<i*rdx. However, 

th* major probl**, 1* that th*r* la no lenliala'tlv* oitrue :tur:r. t»r 1* thar* * 
practical polleinx methodology to *iu\in tha t th* operator* of Wl lding* run 
their Vantilatlon ay* teas according t* auch d-aaljra. 

tki imcr or cnxa co*mvAnc* 

So«4 of eh*** • *ajrp 1«« of 1 na d*quat* ventilotion w*r* du* to Ignoranc* of 
accldanca, Kowav*r, th* coarplox of *ywpto»* that I ha w* »*nt 1 cm*d •• th* •»lck 
buildlnt *yndro**a * •* fcay roou.lt; prloarlly fro* inarcr totuimtlon of fort* to 
aaal bulldinx* and roduc* th* lhf 11 tTotllon/ixfiltT;* t lion of olTi. tucb of fort* 
haw* r»ducad th* natural infiltration of fr**h *ii that pir*wioualy oxl*t*d in 
■any bulldinx®. ■xaeurbat inx th* ofton \mdiac©w*r*d problaa of o po-orly 
d**ixmad or ■aintainad KVAC *y»to». 


















In addition to tighteivlivg buildings and aeallng window* , building manager* 
Kavt shut down air conditioning *y*t«»s at night and on weekend* In aVi effort 
to Hewer ar>#rty coat*. When the air conditioning l* 1 »hut down i,n hualid 
climate*. condensation bulllda up and settles ihsld* the ductwork. If dllrt is 
pniinc in, dajrp ductwork, spore* and *iic:r:©b;*i* can flourish, only to be spread 
throughout th« bull dim* onct th« HVaC ry,at*» is turned on the next aombi. 
This of tan i result* in Monday, morning comp ile Inta of building odor* or building 
alcknr/ii* that disappear during tha weak, only to recur th* following Monday 
momlhg. To uvi more. energy. automatic temperature controllar* art: used to 
ey e lie fan*' on and off durlbg tha day. Vibration* from th* * tart -up of these 
fan* can ciuii dirt and microbe* trapped inside ductwork to bei dislodged and 
carxl«;d Into occupied areas;. 

Another energy coni«rvation effort that way, contribute to slick building 
syndrom* II* th* recirculation of indoor air,, at th# axprnu of fresh outdoor 
air , Th* 35* of th* buildimgi* mentioned above war#' saving mrvergy by shuttling 
off all th* fr**h air. 

Extremely bad distribution of ait throughout th# building is cooon, 
a* P* daily in tho*a systems using multiples of fan colli units mounted 
throughout the various floors of the building. Local thermostat* switch off 
individual units independently of others and micro-environment* are sat; up'. 
Often it 1* necessary to «n*ure that when the heating or cooling 1* not 
required, all th* fan* *hould be lleft running to aid circulation, throughout th* 
areas cone;*me d. 

Variiabll* air volume systecs (VAV) using VAV mixing boxes mounted in, the 
calling' void frequently have louver* opcrvllng Unto the void,. Vhen certain 
teeperatur# condition*' are art, the liouv.tr:* opnn and return or exhaust air ftoa 
the void can be induced Into the iiu.pp.ly, air, b)~ps*iing the filtration system. 
V.e have found fi'berglia.ss. aebeito*. fungi, and ETS to be recycled throughout an 
office due to this design., 

More ini'aor* frequently one find* the following design condition, exhaust 
fans rated at say 70 to 40* of th* supply fan*. Tih* supply, fans i w often, 
automatically throttled back for energy savings, say to 25* of their rated 
capacity. l;f the exhaust fan is not adjusted at the same rate the exhaust fan 
can overpower the supply fen and no fresh air gets into the building. The open 
fr«*h air louver* now, set as addition exhaust* and the whole building run* at 
negat ive pressure. Vhen thl* occur*:. ur.f i Tiered outs ide air infillifratee. into 
the building or, wor*e still, exhaust fume* 1 airai sucked up froa underground 
garages 

In addition: as: described above. "the substitut ion of low cost . low 
efficiency filter* to reduce pr**sur* drops: and nave energy seriously reduces 
th* efficiency of building filtration system, and can l**d' to aeriou* indoor 
air quality probltsi. 

VEKTIIUTIIDN COSTS 

Without doubt. th* majbx resistance to increasing ventilation rates has 
been th* cost of such increases. Most' companies h#v* incorporated energy 
management problem* and new ope r a t ing ■ budge t» baaed on laving, every energy 
del 1 st poa * ib 1*. In fact:, the very saleries and bonuses of building engineer* 
or energy manager* are dependent cm reduced cost*. It would be an anathea# for 
them to consider increasing energy usage and 1 co*t by incr*asing vent 11 arion. 

Hbvtver. forward thinking coapiniei should! look way beyond the constraint* 
of budgets of the energy managers. Consider the foil owing: the average 
heating, ventilation, and air; conditioning operating costa 1 of a typical 100.000 
aquar#' toot building in tha Washington. DC. area would be $50.0,00 per annua. 

A commendable target for energy saving by, saviing, on ventilation may be say 25% 
saving*, giving a useful $12,500: per annua. Of course, many of you present 
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operate building* many fold larger than 100,000 oquara fe*«. 
Ar « anatcractiva goal (»•* Table 4). 

Tabla 4. fchargy Cons*nation., 


thaae saving* 


Consider a 100,000 otfuarw f xx> t building 

Typical total utl1itia* cost ($1.25 and $1.75/*q ft): 

Average: 41-50/*qu*ro foot - $150,000 par anmm 

Typical HVAC fraction (25% to 40%) 

Average;: 53% - $50,000 par *nnu* 

Thus: All energy con*»rv*tt«i »t*pi by 
reducing ventilation, increasing air 
r*circulation;, ate. contribute a 
fraction of $50,000 par 100,000 aquare foot 
Hot*; a 25% energy aavinge - $12,500 par year 

Hx**. consider the payroll coat* for people In that building. Oaiihg 
typical average*. char* ar e 150 square fea t of apace p*;r employee, chart for* 
each I'OQj, 000 aqutre feet »x>uld bouse 667 paople. $uppo*ing we paid cheat ataff 
only 515,000 per annua for the aalary plua payroll coat;*, the salary bill ($67 
x 515,000) would b« approximately $10,000,000 per annua per 100,000 square 
faet,. Thu*, aach 1% absent* «ix» coat* $100,000 p»r anmo* (aaa Table S:)i. 
Typical' absence* ratal* run at J to 7i* send no lea* than 30 Co 501 of alii' 
absents eta* i# aatlaated to be di*a to upper respiratory problea*,. bow many of 
cheat art due te bacteri*., fungi, fiber*, chasicaJLs, CT5, carbon 

■onoxidh, cxiida* of nitrogen, ate., i.a. . bov xrrry are due to these internal 
pollutant*, 

labile 5. hayroll Coat*. 

Consider 100.000 aquar*: feet 
Average staffing - 150 aquair* foot/aurployee 
1QQ. OPQ equate feet - 4(6:7. awploye*s 
150 

Kiaua* «r-rerage ealary and benefit* - $15,000 par annua 

667 x $15,000 - $10,000,000 per annua 

1.*., each 1», abtinteela* coir* $lCO,000 per armua 

Kelt A vg taint : Upper retplratory co«pl*lnt» - 

30 ‘ 50* of all *baerrt*~»l*» 

iz> shore, whet doe* It profit a company to aava $12,500 In, energy aavlng* 
if that six*!! 1 saving cause* potentially hundreds of thousand* of dollar* in 
absenteeism:, not to sen: Ion lie a it vorl* r affile fancy, taxll wonder that »oa« 
turopaan countries, including DarmeirkVest Cerxany, and Jwitrerlend have: 
Introduced legislation Mandating that steps auiC be ca ken t* prevent the 
buildup of internal pollutant*. The United State* la destined to follow that 
course either by alow evolution or legislation wilii be precipitated as a 
reault of court action* brought by individual* or by trade unions Making tha 
building owner*. architect*. designer*:., and ope iratoxa responsible for the 
health and welfare of their s taff or tenant*. 





Source: https://www.industrydocuments.ucsf.edu/docs/lzvjOOOO 


















